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Epigenetics Insights
American College of Obstetricians and Gynecologists (ACOG), and Society for Maternal Fetal Medicine (SMFM), and the World Health Organization (WHO)-have advocated making NIPGS services accessible to all, or at least a much wide swath, of pregnant women, as soon as they begin prenatal care. [8] [9] [10] What is more, a recent WHO report 7 supports the feasibility of doing so, even in low-to middle-income population, so long as costs, cultural considerations, and public health objectives and options are carefully anticipated, balanced, and coordinated. This positioning and possibility is of extreme significance to Arab nations in the Eastern Mediterranean Region (EMR), wherein rates of several congenital abnormalities are among the leading causes of infant mortality, premature death, and disability-adjusted life years (DALYs). [11] [12] [13] [14] In fact, at >65 cases for every 1000 live births, the rate of fatal or severely disabling congenital defects in the EMR is the highest in the world; by comparison, this rate is <51.1 per 1000 live births in Europe, North America, and Australia. 7 Several reasons contribute to the high prevalence of congenital abnormalities in Arab countries. First, bloodrelated marriage is one of the chief risk factors for congenital anomalies, and between 25% and 60% of all marriages in Arab countries are estimated to be consanguineous. 4, 11, 15 Second, certain genetically inheritable disorders are highly prevalent in the EMR, for example, thalassemia, glucose-6-phosphate dehydrogenase deficiency, and haemoglobinopathies. 7, 11, 12 Third, mother's age at pregnancy, whether very young or advanced, has been reported to increase the odds of congenital abnormalities, and birthrates among mothers within both of these fertility spectrum extremes are relatively high in the EMR. 4, 11, 14, 16 Superficially, PGT, including both screening and diagnostic services, is commercially available in most Arab EMR countries 2, 4 ; however, the actual accessibility and delivery of such services are another matter. Although limited, existing literature on these matters has long indicated that women in Arab EMR countries are often subjected to PGT without first being properly appraised of the implications or asked for consent; labs equipped to process PGT are few and far between in the region; health care workers in disciplines and capacities wellpositioned to recommend PGT are not adequately trained or mentally prepared to do so, and genetic literacy is low among the general populace as well as relevant health and medical professionals. 17, 18 In light of these concerns, another important barrier to making NIPGS services more accessible in Arab EMR countries is a dearth of research on the attitudes of the general public toward more systematic and government-supported implementation of PGT practices.
In keeping with regional norms, 30% to 50% of all marriages in Jordan are consanguineous, with 20% to 30% of all marriages occurring between first cousins. 15, 18 Consequently, the toll of congenital birth defects is extremely high in Jordan, representing the second leading cause of infant mortality and the leading cause of premature death nationwide. 11, 13, 14 In total, the Jordanian Ministry of Health (MOH) 19 reports that about 2 out of 100 children nationwide are affected by congenital anomalies, with the highest rates occurring in rural areas of Tafeileh directorate (6.3%) and Zarqa directorate (3.1%). Furthermore, these figures likely reflect underreporting. 17, 20 Congenital diseases could be prevented, or at least decreased, by providing adequate prenatal and postnatal genetic services to the community, by performing the non-invasive prenatal testing (NIPT) during the 9th to 10th week of pregnancy. 21 Accordingly, proper genetic counseling is crucial for high-risk groups such as consanguineous marriages. 21 However, a common misunderstanding of how screening test works is still prevalent. 4 All those tests have different false positive and false negative results associated with them. 2 There are 2 misconceptions worldwide about genetic screening. First, genetic screening, like any other screening, is not diagnostic, as most of these tests do not reach 100% accuracy. 4 Second, the main purposes for genetic screening are to inform parents about the possible outcomes of pregnancy, prepare them emotionally, and provide them with the opportunity to educate themselves on how to cope with a particular birth defect. 4 Moreover, these tests can be efficiently used by physicians to plan for early post-delivery interventions. Most assuredly, genetic screening is not meant to encourage abortion. But it could be misunderstood by some which will cause an ethical dilemma.
The uncommon choice of prenatal diagnosis, with a selective termination of pregnancy of an affected fetus, is slowly becoming an available option in most Arab countries. 22 Tunisia, for example, is the only Islamic Arab country where selective abortion of an affected fetus is accepted by parents and permitted under the civil law and the religious authorities. 23 Given the incidence and impact of congenital defects in Jordan, it might first appear paradoxical that NIPGS have been commercially available therein for some time now, yet remain extremely undermarketed and underused within the country. 4 The key reasons for this appear to be a combination of economics and logistics: on one hand, because NIPGS is not an official standard of prenatal health care within Jordan, its market pricing remains prohibitive for many couples; on the other hand, only a few clinics and laboratories within the country are currently equipped to offer NIPGS or the appropriate pre-and post-test genetic counseling to expectant parents. 17, 18 In addition, although the MOH acknowledges the need for more widely available, comprehensive, and accessible community genetic services to help reduce the burden of congenital disorders in Jordan, little headway has been made thus far. Programming and policy efforts remain limited to the implementation of a few surveillance programs and a law mandating premarital screening to identify and advise prospective couples if both are carriers for hemoglobinopathies. 4, 18, 21 As yet, the impact of this policy has not been systematically reviewed, nor 3 to the best of our knowledge has any research been published on the attitudes of the general Jordanian public toward government-sponsored NIPGS initiatives. Moreover, although efforts like premarital genetic screening and counseling are admirable as primary interventions pursuant to enabling informed, preconception decision-making, 22 they are largely irrelevant thereafter, and especially during pregnancy, when genetic services become arguably more imperative.
However, it is certainly feasible for Jordan to meet the structural prerequisites for wider, state-sponsored implementation of NIPGS. 18 First and foremost, health care infrastructure, and specifically prenatal care, is generally well-developed within the country and among the best in the Middle East. 2 More than 95% of expectant mothers, regardless of region, receive the amount of prenatal care recommended by the WHO, and 90% exceed these standards. 24 International studies suggest that this degree of pre-existing infrastructure greatly increases the feasibility of implementing routine NIPGS for most individuals at the primary care level because the bulk of capacity-building can be directed toward provider education, and it can be more easily coordinated. Specifically, research shows that even very brief or long-distance supplemental education programs are sufficient to address the genetic literacy deficits most often cited as preventing general, primary, and midwifery health care providers, as well as allied health professionals and staff, from effectively promoting and offering genetic screening services. 23, [25] [26] [27] [28] [29] [30] [31] In countries like Jordan, where vast majority of pregnant women already engage with the health care system, once providers are well-prepared to offer NIPGS, half the battle has already been won, and what remains is garnering the support and interest of the general public. Thus, pursuant to filling the paucity of research on public attitudes, practices, and knowledge toward implementing broader prenatal genetic services in Jordan and other Arab EMR nations, we developed and administered an Arabic language survey instrument to assess the PGT knowledge, attitudes, and practices (KAP) of the Jordanian public.
The study aimed mainly to assess the KAP of the Jordanian population regarding PGT. In addition, we wanted to evaluate social, cultural, religious, and other factors that influence patient's KAP of prenatal GS. Furthermore, we studied the attitudes of Jordanian women toward abortion in case the fetus is diagnosed with a congenital malformation or Down syndrome. Finally, we wanted to gauge the readiness of the Jordanian population for the adoption of new technologies available in the PGT programs applied in developed countries and to introduce the concept of GS and improve the knowledge about it.
Subjects and Methods
Survey design
A preliminary 4-section questionnaire was developed based on pertinent regional and international genetic testing literature, with special consideration given to the limited publications offering guidance for conducting such research in cultural contexts similar to that of Jordan. 22 The questionnaire was initially written in English and then translated to Arabic using forward and back translations by a certified translator. The survey was designed for oral administration by a proctor (Appendix 1).
Section 1 gathered information on the demographic and socio-economic characteristics of the participants, in addition to the cigarette and water pipe smoking pattern of the parents. Section 2 gathered information on the medical background of the participants, including certain health behavior and data about past and current pregnancies. Section 3 mainly addressed concepts and decision-making in prenatal care and was the primary section dedicated to assessing knowledge, attitudes, and anticipated behaviors regarding PGT. This section therefore included formative and scenario-type questions, some of which gauged attitudes toward abortion and blame in the context of hypothetical situations involving confirmation that a fetus was afflicted with a particular congenital defect. It should be noted that currently, abortion is not legal in Jordan except to save the life of the mother, nor is it by any means the intended purpose of PGT to encourage the termination of a pregnancy, even if a genetic abnormality is found in the fetus. However, abortion as a reproductive choice following diagnostic testing to confirm the results of prenatal genetic screening is slowly becoming an option in Middle East countries. 18, 24, 32, 33 Thus, research on attitudes toward this potentiality in tandem with PGT is warranted. 18 The fourth section of the survey assessed patients' quality and satisfaction with the obstetric and gynecological practice provided by their clinic. This was a separate survey in itself but was later analyzed in conjunction with the KAP section based on the hypothesis that satisfaction with one's OBGYN (obstetrics and gynecology) provider might influence one's attitudes toward NIPGS. In addition, 4 questions distributed throughout the 4 different sections were included to solicit information from married women as to their husband's role in prenatal health care and decision-making.
Survey validation
The initial survey instrument was pilot tested on a sample of 30 participants; data from this testing phase were not included in the final results. Piloting of the instrument involved multiple statistical tests to determine its internal consistency, test-retest reliability, and, because the test was to be administered verbally in an interview protocol, inter-rater reliability. Minor revisions to the instrument were made based on pilot testing. The overall internal reliability of the questionnaire calculated as Cronbach alpha was 0.83, which is within acceptable ranges; KAP score test-retest inter-rater reliability using Cohen kappa test was 0.74, indicating substantial agreement. McNemar test also revealed a statistically significant agreement for test-retest KAP scores (P = .045). Furthermore, a significant correlation for the KAP score was estimated between test-retest results with r = 0.83 (P < .001), indicating a high construct validity.
Participant recruitment and survey administration
A cross-sectional sample of reproductive-aged women in Jordan was chosen in the waiting room from 166 governmental and private gynecology clinics in several areas across Northern and Middle Jordan, urban and rural areas. At each clinic, as many women as time allowed were approached to participate while they awaited their appointments. Participant recruitment and survey administration was conducted by qualified research assistants. All participants were provided oral and written information about the study prior to beginning the survey and informed of their option to withdraw at any time. In addition, written informed consent was obtained from all participants. The research assistants verbally administered the survey to each participant by means of a brief waiting room interview lasting approximately 10 to 15 minutes.
Data analyses
A scoring schema was developed to facilitate analysis of the close-ended, non-demographic survey questions. Specific to the section of the survey focusing on gathering information about understanding and attitudes toward PGT, questions were first classified as assessing either knowledge, attitudes, or practices. Responses were then assigned a binary number value of 1 for positive or affirmative responses or 0 for responses in the negative. This allowed for the calculations based on a total possible KAP score of 11. A parallel scoring schema was used for the satisfaction survey, allowing for analysis to determine whether correlations existed between KAP constructs and satisfaction scores. Scenario-type questions were considered an attitude assessment but were analyzed qualitatively and adjacent to the binary-coded responses.
All analyses for dependent and independent variables was conducted using PC SAS (version 9.2; SAS Institute, Cary, NC). Frequencies and percentages were used for categorical variables (demographics and socio-economics) and summary measures (means and standard deviations) for continuous variables (KAP score, age). Participants' KAP scores were calculated as described above. The participant was considered to have adequate positive KAP score if his KAP score was higher than the median KAP score of all participants.
Data from this survey are non-parametric; therefore, the Mann-Whitney, Kruskal-Wallis, and Pearson chi-square tests were used to test the differences among the variables that affect the KAP score (bivariate analysis). Mann-Whitney test was used to compare medians of 2 independent groups. The Kruskal-Wallis test was used to compare medians of more than 2 independent groups. Finally, Pearson chi-square test was used to find the association between 2 categorical variables. Factors that were found to be significantly associated with high KAP score through bivariate analysis entered into backward-stepwise-multivariate logistic regression analysis to determine the strength of association of each of the variables. All hypothesis tests were 2-sided. A P of <.05 was considered significant.
Results
In total, 1111 women were recruited into the study, of whom 89 completed the additional questions about shouldering blame for congenital birth defects. Tables 1 and 2 show summary demographic and medical statistics, respectively, for the study population. The mean age of participants was 31.6 ± 7.3 years, ranging from 16 to 66 years. More than half of the participants held a bachelor's degree or higher, and 35% were currently working. Three-quarters were insured, primarily through the government. Ninety-eight percent were married, more than 21% of them to a first-degree cousin, and more than 68% of them were pregnant or willing to get pregnant. Fifteen percent already had a close relative suffering from a congenital malformation, and although most had received a combination of fetal health examinations (84.4%), only 10.8% had undergone NIPGS at some point. These marital and birth statistics are in agreement with reported national estimates in Jordan, and with worldwide estimates that position the percentage of births with congenital abnormalities as high when compared with the 2% to 5% reported in industrialized countries. 12, 15 Total KAP survey scores
The minimum score obtained from the KAP survey was 0 points, while the maximum score was 11 (mean = 9.43 and median = 10). A score equal to or higher than the median (n = 700, 63%) was considered supportive of PGT as a whole. Total KAP scores were analyzed according to all socio-demographic variables listed in Table 1 except for marital status, for which the study population was too homogeneous. There was a significant association between participants' age (P = .007), level of education (P ⩽ .0001), employment status (P = .0439), a husband's cigarette smoking (P = .0209), and a family history of genetic diseases (P = .0102) and a higher KAP score.
Backward-stepwise-multivariate logistic regression analysis was performed using a couple's respective cigarette and water pipe smoking habits and women's satisfaction with care (section 4 of the survey), age, education, employment, ethnicity, income, insurance source and status, family history of congenital disease, marriage consanguinity, and number of born children (live and stillbirths). Satisfaction, age, and education were the only predictive variables for KAP score. The overall likelihood ratio score for the model was significant (P < .0001). The odds of having an adequately satisfactory KAP score were greater for women ages 20 to 40 years old versus those younger than 20 or older than 40; for women with high educational attainment versus those with low educational attainment; and for those who were highly satisfied with their health care provider compared with those who were less satisfied.
KAP toward prenatal genetic screening
Questions on the KAP survey were also grouped thematically, and responses to them analyzed accordingly. A summary of a Includes some women with special, temporary coverage offered only during pregnancy, hence, the incongruity in total n values for "presence" versus "type" of insurance.
(Continued) each KAP question and corresponding response data are presented in Table 3 , while the thematic and cross-wise results are presented below. Two questions were included in the survey to assess participants' knowledge about prenatal genetic screening and diagnostic procedures, while another set of questions were designed to assess women's attitudes toward wider implementation of PGT within the Jordanian health care system. Results indicate that Jordanian women are more aware of NIPGS techniques than about diagnostic PGT and the risks associated with the latter type of procedures. Nearly threequarters (74.1%) of participants were aware that PGT capable of screening for genetic abnormalities exists. However, only 39% were aware of the existence of riskier and more invasive diagnostic PGT (eg, amniocentesis and CVS). An overwhelming majority of women (94.3%) said that they supported the integration of PGT as a standard procedure in Jordan; that proportion increased to 94.7% when PGT was defined to include both screening and diagnostic tests and the practical goals of each procedure.
Although these questions indicate that women in Jordan hold attitudes quite favorable toward PGT as a whole, further analysis revealed that women felt more positively toward NIPGS than toward diagnostic PGT. When asked about NIPGS, specifically, 95.1% of the participants believed performing it would be good; 94.7% believed it would be a reasonable procedure to undergo during pregnancy; and 86.1% thought it would be physically comfortable. Furthermore, 79.7% indicate they would be willing to switch to another clinic to undergo NIPGS, and a moderate majority (65.2%) of women believed NIPGS should be obligatory in Jordan. Fewer women felt the same way about prenatal diagnostic tests: only 80.1% of participants believed prenatal diagnostic tests to be good, reasonable (81.2%), or physically comfortable (63.5%) to undergo during pregnancy. Although they were not asked about their willingness to change providers to access prenatal genetic diagnostic services, when a Includes some women with special, temporary coverage offered only during pregnancy, hence, the incongruity in total n values for "presence" versus "type" of insurance.
(Continued) asked whether diagnostic PGT should be obligatory, only 44.5% of the women surveyed assented. Last, as an additional attitudinal measure and a prelude to questions about health decision-making and responsibility, we asked participants outright about their willingness to be informed about possible congenital defects during pregnancy. Initially, 88.8% of the women expressed the desire to be officially informed. When women were subsequently counseled about the risk of false positives with NIPGS, 79.3% remained interested in such procedures.
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Satisfaction score
Forty percent of women who had attended governmental clinics were positively satisfied with their health care provider and services compared with 58.7% in private clinics and 1.3% in international organization sectors. We developed a satisfaction score to objectively assess the quality of gynecological visits women usually experience.
The minimum satisfaction score obtained in our study was 0 points, while the maximum score was 18 (mean = 10.9 and median = 11). Score equal or higher than the median (n = 675, 60%) was considered satisfactory regarding visits. Table 4 shows the satisfaction score results of our study. Table 5 details the association between the participants' sociodemographic characteristics and KAP and satisfaction scores.
Variables that are associated with KAP score
Our results indicate that the participants' age and level of education were significantly associated with a higher KAP score. On the contrary, age, level of education, and income were associated with a higher satisfaction score in our study population.
Health care decision-making and responsibility
To supplement the information captured by the KAP score components, 4 additional survey questions were added to help better understand the attitudes and roles of Jordanian families in pregnancy-related health decisions. In addition, women in favor of PGT (n = 1053) were asked hypothetical, open-ended questions about how they would approach the process of deciding whether to abort a fetus diagnosed either with Down Syndrome or another congenital malformation. Down Syndrome was specified in contrast to other congenital malformations because it is one of only a few genetic conditions with name recognition among the Jordanian public. Last, as a very general gauge of household attitudes and genetic literacy, we asked a subset of participants (n = 89) about who "shoulders the blame" for the conception of a child with congenital defects.
Husband's involvement in health care
A majority of women reported that their husbands are involved in their health care practices (76.3%) and are actively engaged in decision-making regarding PGT and abortion (80.8%). Similarly, most participants declared that their husbands support PGT procedures (79.3%) and accept the concept of abortion in the case that their fetus is diagnosed with a congenital malformation (86.3%). At the same time, 23.6% of the women who answered the questions about shouldering the blame for a fetus with congenital malformations reported that their husbands think the mother is at fault when a child with congenital defects is conceived, and nearly a 10th concur with this logic, believing that having a child with a congenital disorder is their own responsibility.
Hypothetical decision-making about abortion
Women's responses to the questions about abortion further elucidate the nuances of their attitudes, thinking, and decisionmaking processes relative to PGT. Figure 1 shows an illustration of the women's perception toward GS and the willingness to perform an abortion to a fetus having Down syndrome or congenital malformations. Explaining first that their answer would also depend on the couple facing this hypothetical situation, respondents then grounded their decision-making in religious concerns. A majority of women said that due to religious concerns, they would be unwilling to abort a fetus diagnosed with Down Syndrome (71.1%) or a fetus with another congenital malformation (67.7%); however, these numbers show a slightly higher willingness to abort a fetus with a less familiar genetic disorder.
We asked those women who said they would consider aborting a fetus with either Down syndrome or a congenital malformation to further elucidate how they would arrive at such decisions. Religious or medical consultations emerged as the primary determinants: 96.1% responded that they would choose to abort if a religious consultation supported their decision, while 91.4% said they would do so if a medical consultation supported the decision. Only 25.5% of women said they would choose to abort depending on some other decisionmaking process.
In the course of analyzing the data from this study, it was also revealed that willingness to terminate a pregnancy was significantly associated with maternal water pipe smoking. That is, there was a significant association between water pipe smoking in women and their willingness to abort a fetus diagnosed with a congenital malformation (P = .0038) and Down syndrome (P = .0052).
Discussion
A number of genetic and non-genetic screenings are now available worldwide to predict or detect major birth defects or congenital syndromes prior to delivery. Non-invasive prenatal genetic screening is one type of PGT that can predict risk of a growing list of such diseases and carries with it many advantages over older forms of PGT. However, despite the availability of such tests and a uniquely high rate of congenital birth defects, NIPGS has not been officially integrated nor widely adopted electively within EMR health care systems. To be able to prepare health education and policies to better meet the PGT needs of Arab populations, we therefore conducted a study of the knowledge, attitudes, and expected practices (KAP) of the Jordanian public regarding NIPGS.
Our results produced a number of findings that support the development of health education programs about NIPGS to increase the genetic literacy and readiness of the general public to adopt such technologies; in addition, it yielded some results that warrant further research. Overall, nearly 95% of women in Other a 60 (6.9)
Abbreviations: KAP, knowledge, attitudes, and practices; NA, not available. a Includes some women with special, temporary coverage offered only during pregnancy, hence, the incongruity in total n values for "presence" versus "type" of insurance. Abdo et al 11 our study expressed positive attitudes toward PGT overall, and NIPGS in particular, and supported the integration of such services into the national health care service. However, only a slight majority (65.2%) believed the tests should be required. Previous research supports the importance of reassuring women that the offer of NIPGS will not undermine their autonomy in any way. In studies of public attitudes toward routinizing NIPGS, participants' prevailing concerns and reasons for apprehension revolved around ensuring and protecting women's autonomy throughout the entire individualized tree of decision-making that would follow, were it offered to all clients. 6, [34] [35] [36] Moreover, these studies, and related discussion of the moral grounds for NIPGS, emphasize that simply offering NIPGS on the reasoning that by providing more information, clients have more choices, or that advising physicians that informed consent should be garnered before performing the tests, is not enough to satisfy these demands for the protection and primacy of autonomy. 6, 34, 35, [37] [38] [39] [40] [41] According to this literature, men and women, with and without the experience of pregnancy or a pregnant partner, articulated concern about the implications if informed consent were merely cursory, and NIPGS presented was presented to clients with provider bias, patients were not allowed to change their minds about receiving the results once tests were conducted; patients were influenced or stigmatized as to their decisions on whether to continue a pregnancy even in the event that a tests revealed the fetus was at risk for a congenital defect, and so on. 6, [34] [35] [36] Although our results, taken from a context wherein congenital anomalies are especially common and salient in the lives of the study population, indicate that a slight majority of women believed NIPGS should be mandatory, they nonetheless support these assertions. Publications have indicated that, for better or worse, popular coverage and discussion framing the "choice" of genetic testing significantly influences how the public interprets and extrapolates the concept of "risk" in the context of decisionmaking about these procedures. 34, 36, 37, 39, 42 No actual program to implement NIPGS on a national scale is yet in effect in Jordan, and therefore the survey instrument merely gauged beliefs and reactions to hypothetical situations, meaning that the women surveyed might feel differently were they confronted with the actual possibility of finding out their fetus' risk for genetic malformations. Thus, whereas women might only be considering medical risks as the grounds for whether NIPGS should be mandatory, and that as it carries none besides those associated with a blood draw, once NIPGS is actually available, the conceptualization of the "risks" and personalized or societal implications involved will most likely evolve and complexify, extending to more emotional and moral dimensions, such that the idea of imposing the test on someone will seem less of an obvious answer or purely noble act. 6, 34, 37, 39, 40, [42] [43] [44] Other results of this study further support the need to preemptively ensure that any policies to promote NIPGS in Jordan explicitly protect and support parents' autonomy. For example, the spread of hypothesized reactions to post-results decisionmaking, for example, the differing interest in abortion depending on the condition identified, and the meaningfully high proportion of women who felt they "shouldered the blame" for conceiving a fetus with congenital malformations, or that their The total numbers are not complete due to missing values. husbands felt they did so, raise important concerns about whether mandatory NIPGS would actually broaden and benefit all women in Jordan, or whether the involuntary imposition of such knowledge would be a burden to them. Furthermore, the issue of confidentiality, or duty to disclose genetic results to partners and family members whose reproductive planning knowledge of hereditary risk factors might benefit, is also an obvious ethical concern with genetic testing. 6, 18 Our study only surveyed women and asked them to anticipate the participation and reactions of their husbands, so we do not yet know how men in Jordan feel about enacting a national NIPGS program, only that they must be given due attention in efforts to promote genetic literacy and NIPGS in Jordan. Further research should focus on the attitudes and needs of male partners, prior to the crafting of national policy on NIPGS.
A study performed in Lebanon assessed the role obstetricians play in prenatal diagnosis. It involved encouraging the parents to undergo prenatal diagnosis and to consider abortion in severe anomaly cases. Religion, age, socio-economic background, the number of previous pregnancies, "cultural norms," and "cost" were the most influential factors that affected the parents in their decision to terminate pregnancy. 33 Whereas in Israeli Arab community, parental attitude toward pregnancy termination depends mainly on the couple's stated level of religious commitment and the severity of the disease. 45 However, per the Jordanian Public Health Law in 2008, Article 12 prohibits physicians from providing advice on abortion or from performing an abortion except when clinically necessary to prevent a threat to the life or health of the pregnant woman. Abortion must be performed in a hospital with the consent of the pregnant woman or of her husband or guardian if she is unable to write or speak. Licensed physicians or specialists must certify that the abortion is necessary, and records of the abortion must be maintained for ten years.
In the Jordanian penal code of April 10, 1960 , article 321 clearly states that "A woman who through any means performs an abortion on herself or consents to another person applying such means shall be punished with 6 months to 3 years of imprisonment." 46 Our results suggest that about one-third of women would consider abortion if diagnostic PGT confirmed by diagnostic testing indicated they were carrying a fetus with Down syndrome or another congenital malformation; however, they concurrently indicated that expert opinions, whether medical or religious, continue to have a significant bearing on women's reproductive decisions. These results are in keeping with aspects of social habitus in Jordan, 17, 18 and suggest the need to maintain respect and recognition for the role of religious traditions in health decision-making even as the country looks forward to adopting advanced biotechnology innovations. Studies on public attitudes toward NIPGS have also pointed out that interest depends on public perceptions of the support that is available to parents dovetailing with the need to protect clients' autonomy to truly make informed choices. People have indicated that equally robust and accessible emotional and health support programs must be in place for parents, for helping them choose and live with the consequences whether they continue or terminate a pregnancy. 6, 34, 35 This conditional difference is interesting, perhaps even more so given that Islam, the predominant religion in Jordan, does not expressly forbid abortion. Rather, this faith stipulates that bioethical choices must be decided through careful reflection on historical religious teachings and clerical decisions arrived through similar deductive reasoning, some of which interpret sanction for abortion in certain cases. 11, 17, 18 In light of our results about "shouldering the blame," the fact that abortion on the basis of genetic testing is not even an option for women in Jordan as yet, and the significance of religion in the lives of the population, women's interest in religious or other consultation regarding NIPGS-related decision-making must also be respected and supported within efforts to promote such technology.
We also found that positive attitudes toward NIPGS are significantly higher among women with more formal schooling than those with less, those between the ages of 20 and 40 years old, and those with at least 1 relative suffering from a congenital disorder. These were concerning results, as they indicate that women across multiple risk categories for offspring with congenital defects, that is, young mothers, those of advanced age, or those in first-degree consanguineous marriages, appear less interested in receiving information about new PGT technologies. Furthermore, women who were employed and those whose husbands smoked cigarettes were significantly more likely to be interested in NIPGS, whereas women who smoked water pipes were significantly more likely to endorse abortion in the event that their fetus was diagnosed with Down syndrome or a genetic malformation. Although we are not prepared to explain the correlations identified between house member smoking patterns, employment status, and maternal interest in NIPGS, we speculate that these could be associated with sociocultural factors as well, including higher education, the need to plan in advance for child care, and awareness of other efforts to promote health in Jordan, such as recently initiated smoking cessation research and campaigns. [47] [48] [49] [50] Further research is most certainly needed on these associations; nonetheless, the totality of these additional findings also points to the need for a variety of well-planned, health education campaigns that target both marriage partners, particularly those in consanguineous relationships, those with lower education, and those in which the prospective or expectant mothers are in a higher-risk age bracket.
In sum, then, the results of this study support the implementation of national NIPGS programs, but only if, and only if, such programs include a heavy emphasis on health education, directed at both the general public and the health care professionals who will administer the tests and their results. As prior research has shown, if NIPGS is to be accepted in Jordan, 13 genetic literacy among health care professionals must also be bolstered with appreciation of and adherence to the ethical premise for enabling clients' informed decision-making; efforts must be made to inculcate genetic literacy equally in men and women; and thought paired with support must be put into what expectant parents are able, and interested in doing, with the results of NIPGS. Therefore, planning for NIPGS in Jordan must be preceded by comprehensive, multifocal health education and planning. Further research will be needed to develop and hone such programs; however, with due diligence, the future is bright and Jordan clearly has much to gain from implementing NIPGS.
We concluded that concordant with efforts to educate the public and prepare health care providers, subsidizing and offering NIPGS to expectant parents through the national health care system would greatly increase accessibility to such services and benefit Jordan's public welfare. This would be the result of allowing doctors and parents to make informed reproductive decisions and plans for the care of special needs children in advance of their birth. In light of the high incidence of congenital birth defects in Jordan, these benefits would extend beyond the level of the individual to the nation as a whole.
Conclusions
The overwhelming majority of 1111 participating women considered GS procedures aiming to detect fetal abnormalities to be good, comfortable, and reasonable. Moreover, the majority was positive toward NIPT and would like to use the test if available. In addition, only 60% of women interviewed were satisfied with the services provided by their obstetric/gynecologist. Finally, the more satisfied the women were with the OBGYN services, the more they are likely to adapt NIPGS.
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